Growth, yield and quality of potato are greatly affected by nutritional management. This study was planned to evaluate interaction effect of sunflower residues and foliar application of 100% water soluble NPK fertilizer 20-20-20 on growth and yield of potato during the spring season of 2014 which potato tubers (Solanum tuberosum L. cv. Desiree) Class A, were used. The field experiment was conducted in randomized complete block design (RCBD) with 4 replications. Effect of sunflower residues on potato crop was studied by using 5 t ha -1 (T2), 10 t ha -1 (T3) and (T1) without residues. The results showed that maximum tuber yield per treatment (plot) and per hectare as well as Tubers number per plant, Tuber weight per plant were recorded in T3 followed by T2 and T1, respectively. However, plant length, number of stem, leaf area, total Chlorophyll, and dry weight (g) were found to be the highest in T3 while lowest in the control (T1). Further perusal of data illustrated that there were no significant differences between T2 and T3, nonetheless differs noticeably from T1. Also, the proline accumulation and antioxidant activity enzymes results shows no allelopathic potential on all treatments. The present study revealed that sunflower residues used highly effective approach in yield of potato crop and increasing environmental safety by reducing reliance on synthetic fertilizer and herbicide.
Introduction
Allelopathy has been reported to play a significant role in natural and agricultural ecosystems. The secondary metabolites compounds with allelopathic possible are there in large amounts in all parts of allelopathic plant as well as roots, rhizomes, stems, leaves, fruits, seeds and flowers. Multiple physiological effects have commonly been observed from many allelochemicals released from allelopathic plants. These effects include decreases in plant growth, absorption of water and mineral nutrients, ion uptake, leaf water potential, shoot turgor pressure and rate of photosynthesis and respiration (Patterson, 1981; Einhellig et al., 1993) . The allelopathic effects are selective, depending upon the concentrations and residue type, either inhibitory or stimulatory to the growth of companion or subsequent crops or weeds (Mushtag, Cheema and Bazmi, 2003; Javaid et al., 2008; Cheema, Khaloq and Saeed, 2004) .
Sunflower (Helianthus annuus L.) is an important oil crop growing in two times in Iraq. Several cultivars have been introduced in Iraq ( Al-Eqaili, 2014) . It is reported to contain several allelopathic compounds namely, phenolics and trepenoids. Plants need phenolic compounds for pigmentation, growth, reproduction, resistance to pathogens and for many other functions. Sunflower is a well known allelopathic plant species. However, farmers generally incorporate the sunflower residue in the soil with the aim to enhance soil fertility and organic matter. Chemical analyses for sunflower residue indicated that total phenolics started to increase at 14 and 28 days of decomposition and declined until vanished 6 weeks of decomposition compared to the control treatment (without sunflower residue) (Macias et al., 2000) . DOI: 10.15550/ASJ.2016.03.045
In plants, proline accumulation has been well correlated with environmental stress, i.e. tolerance to salinity and drought (Aspinall and Paleg, 1981) . To minimize and eliminate oxidative damage, plants have evolved an antioxidant system composed of both non-enzymatic and enzymatic constituents present in plant cells, such as ascorbate peroxidase (APX). Catalase (CAT), guaiacol peroxidase (POD), superoxide dismutase (SOD). Peroxidase are involved in many physiological processes in plants, involving responses to biotic and a biotic stresses and the biosynthesis of lignin (Sairam, Vasanthan and Arora, 2011) .
Foliar feeding is a fast and highly effective method of supplementing and enriching plant nutrients when needed. Foliar application fertilizers provides plant nutrients when absorption of nutrients from soil which is disturbed. Precision timed foliar sprays are also a fast-acting and effective method for treating nutrient deficiencies. Foliar application of nutrients in relatively low concentrations at critical stages in crop development contributes significantly to higher yields and improved quality. Foliar application Moring oleifera leaf extract (MLE) has been found to act as exogenous plant growth enhancer due to the presence of zeatin, ascorbates, carotenoids, phenols, antioxidants, and essential plant nutrients (Fuglie, 1999; Foidl, Makkar and Becker, 2001) . Yasmeen et al., (2012) also reported significant improvement in grain weight, biological yield, grain yield, and harvest index by foliar application of (MLE) in late sown wheat. In another study, Yasmeen (2011) reported substantial improvement in growth and yield of tomato by MLE application.
With this in mind, several experiment was conducted to determine the effect of residues of sunflower crop in combination with foliar application of NPK fertilizers on potato yield under field condition.
Materials and Methods Field trials
The proposed study was conducted at investigate field of Biology Department, College of Science, Baghdad University, Baghdad, Iraq throughout the spring season of January, 21, 2014 where the preceding field and harvesting following 102 days. A quantity of physical and chemical properties of ground soil were strong-minded. Soil samples were in use from the field at a depth of 30 cm. The soil of untried location was calcareous loam (Table 1) . Preparation of sunflower residues and planning seed potato tubers:
The experiment was laid out in a randomized complete block design (RCBD) with four replications. The experiment consisted of the following treatments: a. (T1) Control without Residues. b. (T2) Residues at 50% (5 t ha -1 ). c. (T3) Residues at 100% (10 t ha -1 ). Based on previous results by Al-Bedairy et al. (2012) and Alhateeb et al. (2007) , it was establish that 6.6 adult plants of sunflower that engaged 1 m 2 area extrude about 10 ton (t) of air dry clippings per hectare (ha) of soil to a depth of 30 cm; so residue tax at 5 and 10 t ha -1 were used in this experiment. VOLUME 2016 ISSUE 03 ISSN 2219-746X EISSN 2219-7478
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After mixing the sunflower residues with the soil as in T2 and T3 treatments, dig straight, shallow trenches, 2 to 3 feet apart, in prepared soil. Potato seed pieces weighing approximately 30-40g were hand-planted on Jane 21 th 2014, with 60 cm spacing between rows and 25 cm spacing between plants. Each individual plot consisted of four rows 5m length. Furrows used to supply irrigation were located between every 16 potato plants. When the shoots reach 10 to 12 cm tall, used a shovel to scoop soil from between rows and mound it against the plants, burying the stems halfway. Repeat as needed through the growing season to keep the tubers covered. Foliar application of NPK fertilizers (20-20-20) supply two time (after 40 and 80 days from planning) which were applied as recommended for this crop to required plant nutrients before tuber initiation and during tuber initiation stages. Also, Irrigation was applied as recommended for this crop. Potatoes were harvested on April 28 th in 2014, which corresponded with 102 DAP in the experimental year. Leaf area (cm 2 ) Leaf area was measured by using LI 3100 belt-driven leaf area meter.
Plant height (cm)
Plant height of 10 random plants from each treatment was measured from plant base to the tip of main stem spike excluding awns. Then the mean was recorded.
Determination of chlorophyll content
Chlorophyll content was estimated in 10 samples of flag leaves by using Minolta SPAD 502 (Reynolds et al., 1998) .
Biomass dry weight
Eight plants flowering stage were over dried at 65 C º a constant weight. The dry biomass was recorded and expressed in grams per plant. Proline determination 2 ml of supernatant (extracted solutions from fresh leaves ) were added to the cleaned and dry test tubes. 2 ml of ninhydrin and 2ml of glacial acetic acid were added to test tube and incubated in water bath at 100 o C for 1hr., then placed in ice bath. The reaction mixture was extracted with 4ml of toluene and the absorbance was measured at 520nm. The proline concentration was determined using linear equation of proline standard curve and the following equation was used to calculate the amount of proline in fresh material (Bates, Waldes and Teare, 1973) .
Determination of Catalase (CAT) Activity
The activity of catalase was determined according to (Aebi, 1984) in3ml, of reaction solution, which contained: 2ml of phosphate buffer pH 7.0 and 0.3ml of hydrogen peroxide solution (3%) in a test tube, then 0.2ml of extract containing enzyme (supernatant) was added .The blank was composed from: 2.3 ml of phosphate buffer pH 7.0 and 0.2 ml of extract containing enzyme (supernatant). After 1min the absorbance was measured at wave length of 240 nm using UV-Vis spectrophotometer for activity test and blank tubes .The activity of catalase was calculated as shown below: Abt = absorbance of test tube/min Abb = absorbance of blank tube/min DF= dilution of supernatant (15) V= Volume of reaction (3) EC= 40 EV= Volume of enzyme (0.2 ml).
Determination of peroxidase activity (POD)
1.5 ml of hydrogen peroxide solution (1.7mM) was mixed with 1.5ml of 4-Aminoantipyrine reagent (2.5mM), then 0.1ml of extract containing enzyme (supernatant) was added to the absorbance which measured at wave length of 510 nm using UV-Vis spectrophotometer. The activity of peroxidase was calculated as shown in below equation: Where:
∆A/min = The change in absorbance at 510nm/minute RV= Total volume of reaction mixture (3ml) D = Enzyme dilution factor (30) 6.58 = Extinction coefficient EV = Volume of enzyme sample (0.1ml) . Worthington Enzyme Manual (1978), Chibbar and Robert (1984) .
Experimental design and statistical analysis
The experiment was laid out in a randomized complete block design (RCBD) with four replications. The experimental were designed statistical analysis was carried out by using Genestat Computer Program with 0.05 significance level (95% confidence).
Results
The effect of incorporation of sunflower residue and NPK fertilizers on vegetative growth of rice is presented in Table 2 . However, Plant length , Number of stem, Leaf area , Total Chlorophyll , and Dry weight (g) were found highest in T3 while lowest in control (T1). Further perusal of data elaborated that T2 do not differ significantly from T3, nonetheless differs noticeably from T1 (Tab. 2). The result showed that 20% to 27% of chlorophyll concentration were increased by increasing residue . This was appeared to be very helpful indicator of inoculation effect in the vegetation season which reflected in yield (per hectare) increased them by (141 , 190%) for T2 and T3 , respectively.
The results in table 3 showed that maximum tuber yield per plot, per hectare as well as tubers number par plant and tuber weight par plant were recorded in T3 followed by T2 and T1, respectively. Table 3 . Yield and tuber parameters as affected by sunflower residue.
In this study all growth characters were greatly increased by all treatments in comparison to the control (without residue) with significant differences in most cases. The values correspondingly increased by adding sunflower residue more than foliar application. The results showed that the highest value for agronomic traits, yield and yield component was T3. this maybe because the delivery of allelochemicals into the rhizosphere is often thought to occur through leaching from leaves and other aerial sunflower parts, through volatile emissions, by root exudation. Allelopathic crops residue decomposition produces a variety of phytotoxins in the soil causing adverse effects on other plants (Nelson, 1996) , and have the potential to sustain a chemical as well as physical effect on the growth and development of subsequent crops and weeds (Reddy, 2001) . Allelopathic crop residues can be exploited for weed suppression, and can thus be helpful in reducing reliance on herbicides (Weston, 1996) .
In addition, the result in table 4 the proline and antioxidant enzymes activity (CAT and POD) were more activity in T2 and T3 than T1. At high sunflower residue level, the response of the antioxidant enzymes activity CAT and proline accumulation were similar to that observed in control treatment, while with POD the significant increased in T3 and T2, respectively. Table 4 . proline accumulation and parameters as affected by sunflower residue .
The results showed no significant differences in proline and CAT activity of the studied treatments. This may be indicated that no allelopathic potential stress on potato plants by using sunflower residue. But The results showed significant differences in Peroxidase activity specially in T3 and T2 treatments. And this because Peroxidase is involved in the polymerization of the precursors of lignin. Also involved in the scavenging of Reactive Oxygen Species (ROS), which are partially reduced forms of atmospheric oxygen, highly reactive, and capable of causing oxidative damage to the cell. Besides, Peroxidase can be a source of hydrogen peroxide (H 2 O 2 ) but also are capable of scavenging it. Vicuna (2005) made experiments on the apple plants also showed an increase in the number of xylem vessels. These transgenic plants proved the very important role of this cell wall peroxidise in the responses to environmental changes as well as the development of the plants.
Dicussion
Evaluating the response of crop yield to residue intervals in combination with foliar appliedfertilizers help to identifying the best allocation of available resources among crops in order to maximize the profit. Chemical fertilizers are industrially manipulated, substances composed of known quantities of NPK, and their supplementation causes air and ground water pollution by eutrophication of water bodies (Scheffer, Bakema and Wortelboer, 1993) .
The results of the present study indicated that the allelopathic effect of the sunflower residues was not only confined with the root exudates but also with the residues. Incorporation of residues of sunflower residues into the field soil significantly suppressed density and biomass of weeds grown in potato field with superiority of T2 and T3 treatments. The reduction in weed density and biomass seems to be an outcome of inhibitory effects exerted by sunflower residues. Such a reduction is believed to originate by the release of phytotoxic allelochemicals from sunflower residues in the immediate vicinity during their decomposition by soil microorganisms. Chou and Lin (1976) reported that several microorganisms contribute in decomposition of rice residues in soil and liberate several allelopathic compounds including phenolics and short fatty acids. Rice (1984) indicated that several species of soil microorganisms are involved in the decomposition of plant residues and libration of the allelopathic compounds which were found to be toxic to several weed species. In most cases, greater weed inhibition was observed at higher residue incorporation rates. Khanh et al. (2005) and Khaliq et al. (2010) pointed out that suppression magnitude in allelopathic interactions is directly proportional to the applied dose of an allelopathic product. Alsaadawi and Al-Temimi (2011) revealed that incorporation of sunflower residues in field soil at 600 and 1400 g m-2 significantly suppressed weed density by 23 and 40% of control respectively and enhanced the yield of barley. Alsaadawi et al. (2013) conducted two year field experiment and found that incorporation of sorghum residues at 530 and 760 g m-2 significantly reduced weed density and produced higher yield of broad bean than weedy control treatment. DOI: 10.15550/ASJ.2016.03.045
Finally, the present study revealed that sunflower residues used highly effective approach in yield of potato crop and increasing environmental safety by reducing reliance on synthetic fertilizer and herbicide.
